Sea drowning is a common cause of accidental death worldwide. Respiratory complications such as acute pulmonary oedema, which is often complicated by acute respiratory distress syndrome, is often seen. Noninvasive ventilation is already widely used as a first approach to treat acute respiratory failure resulting from multiple diseases. We report a case of a 45 year old man with a history of epilepsy, motor and mental handicap who developed acute respiratory failure secondary to sea water drowning after an epileptic crisis. We illustrate successful and rapid management of this case with noninvasive ventilation. We emphasize the advantages and limitations of using noninvasive ventilation to treat acute respiratory failure due to sea water drowning syndrome.
Introduction
Drowning is a global problem that affects all populations, and continues to be a leading cause of morbidity and mortality around the world [1, 2] . The World Health Organization (WHO) reports that every hour of every day, more than 40 people lose their lives to drowning; 372,000 deaths each year [3] , more than 4000 alone in the United States [4] . Pulmonary oedema and acute respiratory failure (ARF), are the main components of drowning pathophysiology, frequently evolving to acute respiratory distress syndrome (ARDS), and sometimes causing circulatory dysfunction and cardiac arrest [5, 6] . Despite extensive literature on drowning, clinical data are still lacking on the best medical strategy to use [5] . Conventional mechanical ventilation is generally used in patients with severe ARDS after drowning. Recently, noninvasive ventilation (NIV) has been used to treat more severe cases of patients with acute respiratory failure [7] . We report the case of a 45 year old man with a history of epilepsy and mental handicap who developed acute respiratory failure secondary to salt-water drowning, who was successful treated with noninvasive ventilation.
Case presentation
The case concerns a 45-year-old (height 170 cm/weight 75 Kg, BMI 25) Caucasian man, never smoker, with history of epilepsy with mental retardation and behavioral problems. While he was lying on the foreshore, the patient developed an epileptic crisis with loss of consciousness and inhalation of sea water. Bystanders reported that submersion duration was less than 1 min, and cardiopulmonary resuscitation by emergency medical service was not necessary. The patient was transported to the accident and emergency department in acute respiratory failure, and initially treated with a high dose of oxygen (FiO2 60% Venturi Mask 12 L/m). On admission, the patient presented a moderate impaired sensorium (GCS 12). Physical examination revealed the presence of bilaterally inspiratory and expiratory coarse breath sounds. Chest x-ray revealed diffused patchy bilateral opacities. Chest CT confirmed mixed consolidation/ground glass opacifications (Fig. 1) . Serum blood analysis revealed only mild elevation of CRP, VES and fibrinogen with normal leucocytes. Arterial blood gas-analysis during oxygen therapy (FiO 2 60%) documented acute decompensated respiratory acidosis with severe hypoxemia and hypercapnia (pH 7.27; PaO 2 50 mmHg; PaCO 2 70 mmHg; Sat 80%; HCO The patient was administered intravenous moderate dosage corticosteroid (prednisone 80 mg) and antibiotic (Piperacillin/Tazobactam 4 g/0.5) therapy. At the beginning, the patient manifested good tolerance toward assisted ventilation procedure, with stabilization of oxygen saturation above 94%, so FiO 2 was progressively decreased to 35%. A 10 ml/kg target expiratory tidal volume was set during the first hour of ventilation: it was achieved with a progressive increase of PS from 10 cmH 2 O to 15 cmH 2 O. No change in PEEP was adopted. After 2 h of assisted ventilation, a second arterial blood gas analysis was performed with evidence of significant improvement (pH 7.36, pO 2 70.2 mmHg, pCO 2 44.2 mmHg, HCO À 3 24.4 mmol/L, BE -1.2 mmol/L). After 12 h of assisted ventilation, a third blood gas analysis documented a complete resolution of acute respiratory failure (pH 7.38, pO 2 91.1 mmHg, pCO 2 41.6 mmHg, BE -0.9 mmol/L, HCO À 3 24.2 mmol/L) so NIV was stopped and patient was treated with low flow oxygen therapy (2 L/min by nasal cannule). Trends of gas analysis parameters were reported in Graph 1.
Vital signs were stable over the successive 48 h with valid diuresis and progressive improvement of consciousness (GCS 14). After 72 h from admission, a control chest CT revealed a significant reduction of alveolar and ground glass opacities (Fig. 2) . After 96 h, the patient was discharged in a stable condition.
Discussion
Drowning comprises a heterogeneous group of conditions with a wide spectrum of severity [8] . Although the outcome of patients after accidental submersion in a liquid medium is related mainly to the presence or absence of anoxic encephalopathy, acute respiratory failure (ARF) is very common in these patients [6] . Pulmonary oedema is commonly encountered after initial resuscitation. The first 12 h after an accident are crucial as a patient's condition may deteriorate suddenly due to development of ARDS [9] . People with epilepsy have increased risk of injury from submersion especially if they are unaccompanied during swimming but also when they stay on the foreshore, as in the case described [10] . As stated above, the sequelae from a drowning incident vary greatly based on numerous factors, but the primary physiologic insult is always hypoxia. This is the starting point for all morbidity and mortality, and it must remain the focus of treatment [1] . Thus, correction of hypoxemia by ventilation-only resuscitation is critical [3] , and medical ventilation is the milestone treatment [4] .
Clinical data are still lacking on the best medical ventilation strategy to be used [5] . Despite the absence of recommendations for NIV use in the case of drowning-related ARF, this technique has been previously used, with safety and efficacy [5] . In a retrospective cohort study, among 126 patients, 38 patients with cardiac arrest at the scene were not analyzed, 26 received mechanical ventilation (MV), and 48 patients received noninvasive ventilation (NIV). Compared with patients placed under MV, the NIV patients presented a better initial neurological (Glasgow Coma Scale of 7 ± 4 vs. 12 ± 3, P < 0.05) and hemodynamic status from the pre-hospital stage (mean arterial pressure of 77 ± 18 vs. 96 ± 18, P < 0.001). With comparable ARF-related hypoxemia to MV, NIV was maintained with success in 92% (44/48) of cases. Both MV and NIV were associated with rapid improvement of oxygenation and short ICU length of stay 3 (1e14) and 2 (1e7) days, respectively [5] .
In the last twenty years, NIV has profoundly changed the approach to patients with ARF, reducing length of stay and avoiding the complications of endotracheal intubation [7] . Many studies support new and unusual applications of NIV [11] . Although loss of consciousness could be a limiting factor in applying NIV, several patients with hypercapnic encephalopathy syndrome have been successfully treated with this technique [12] . Only in awake patients who are breathing spontaneously has nasal continuous positive airway pressure been reported to be beneficial in freshwater drowning [13] . In this case, a non-invasive positive-pressure ventilation (NPPV) modality of ventilation was chosen to support respiratory muscles and a PEEP was applied to recruitment of atelectatic regions and reducing shunt. In our case, we believe that NIV played a role in preventing ARDS development. We feel that well designed, randomized trials examining the use of NIV in acute respiratory failure secondary to drowning are warranted.
Conclusion
Acute respiratory failure secondary to submersion injury is a frequent condition with high morbidity and mortality. NIV represents an effective approach avoiding more severe complications due to conventional ventilation.
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